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FIRST SEl'IESTEn ° FR.:C!:SI-n1EH ChEliiW~RY 
irections ~ Using the ansH·er sheet, darken the space betueen the 
parentheses which indicates your ansuer to each of the 
folloHing items. 
1. Hydrogen is 
(a) less dense than air and inert 
(b) very soluble in water and combustible 
(c) odorless and a reducing agent 
(d) denser than air and tasteless 
2. The atomic number of an element that reser.1bles aluminum 
chemically is 
(a) 12 
(b) 2 
(c) 5 
(d) 15 
3. The solubility of sodium nitrate in ·uater depends upon 
(a) the pressure of the air above the solution 
(b) the amount of salt adcl_ed 
(c) the rate at Hhich the salt dissolves 
(d) t h e temperature of the "i•Tater 
4. The valence of P in H3 P0 4 is (a) -3 
(b) -5 
(c) +5 
(d) +7 
() 
l) 
5. One of the substances formed when a s t rip of zinc is placed 
in a solution of copp er sulfate is 
(a) copper sulfide 
(b) zinc sulfide 
(c) zinc sulfate 
(d) sulfur 
6~ The J?rocess of neutralization 
( a ) H+ and OH-
(b) pH 3 and pH 5 
(c) electrons and protons 
( c1) rrie t als and nonmetals 
involves a reaction between 
7. Boric acid may be used to t reat alke.li burns of the ey e 
because it 
(a) is a nonelectrolyte 
(b) is a l•Tert~[ .acid 
(c) is an oily substance 
(d ) can be made up in concentrated forrn 
8 . Sodhun bromide Hill react Hith 
(a) chlorine 
(b) copper 
(c) iodine 
(d) lead 
9. The reaction betl·reen heated sodium chloride solution and 
sulfuric acid ~oos to completion because 
(a) sodium sulfate is produced 
(b) sulfuric acid is a strons acid 
(c) s odiur.1 chloride is a salt 
(d) hydrogen chloride is px•oc:luced 
1 0 . Tincture of iodine is 
(a) a cor.1pound 
(b) an emulsion 
(c) a solution 
(d) a suspension 
11. A precip itate is most conveniont,_~T removed from uater by 
(a ) aeration 
(b) boiling 
(c) distillation 
k ) fil tx·ation 
12 • .A base that l·lill evaporate lea vine no r es i due is 
(a) am,·.lOni um h y d i•oxide 
(b) calciur.l h~rdro:::dde 
(c) potassitun hydroJ:ide 
(d) s odhun hydro:dde 
13. A cryst a l of Cl.l80 4 dropped into a saturated solution of 
CuS C.\ 4 Hill 
(a) cause crystals to form a t once 
(b) cl eco:·:lpose 
(c) c~issolve 
(d) remo.in unchonr; ccl. at the bottom of the container 
·1L!-, Ammonia i s most roadil~r idont ified by 
(a) its color 
(16) its odor 
(c) its relat ive -vrei•\ht 
(d) a chemical m1e.lysis 
15. Co.rbon dio:::d c1e turns lime water milky bec ause it 
( c.. ) is insoluble in lime ·Hater 
(b) sep8.re.t o s the lime from tho Hater 
(c) fox>::~lS Ca (HCO:::J 2 
(d ) for'.".lS Co..C 0 3 
16. A metal tho..t uill react ui th an iron sul :~ ato s elution is 
(a ) conuer 
(b) lea~. 
(c) silver 
( c1) zinc 
17. A g ood roducin~ asont is 
(a) carbon dioxide 
(b) carbon monorlde 
(c) silicon carbonate 
(c1) zinc carbonate 
18. Bleaching pm-rder is effective as a disinfectant because· it 
(a) contains calcium 
(b) releases chlorine 
(c) is stronGl Y a cid 
(d) has a strons odor 
19. The halogens ai'e considered a chel:1ica.J. ·"g· 1ily because they 
(a) al l have color 
(b) all are active elements 
(c) all have tHo electr'ons in the im1.err,10st orb it 
(d) all have the same m:rniber of electrons in the outer-
r,lost orbit 
20. Uhen ma~nesium burns (corabines l-Jith oxygen ), the reaction 
can be called 
(a) an analysis 
(b) o. catalysis 
(c) a double replo.cement 
(d) a syntb.es is 
J C 
21. Di lute hydrochloric acid is a typical acid, as shoHnbby its 
(a) color 
(b) odor 
(c) solubility 
(cl.) taste 
22 . . !\.fter crystallization talres place,. tho liquid in contact 
Hi th the CIJ" st8.lS is 
(a) a clilutG solution of the substa..nce crystallized 
(b) an unsaturated s olution o f tho substance crystallized 
(c) a SD.turatod solution of the sul)Stance crystall ized 
(cl.) a supors8.turated soibution o :· the substo.nce cr'ystallized 
23. 'i'he lmJ of multiple proport i ons :. s illustrated by 
(a) hydroGen and oxy~en 
(b ) Hater and heavy Hator 
(c) ox.yr~en and ozone 
(d) Hator and hydrogen peroxide 
24. 'i'he most abundant ~as in tho atmosphere is 
(a) c a rbon di oxide 
(b) ni tro:;en 
(c) oxyGen 
(d) 1mter vapor 
25 ~ A lic;htninc; .flash throuc;h tho air may result in the 
f ormation of 
(a) amnonia 
(b) carbon dioxide 
(c) nitric a cid 
(d) \J>Tater 
26. ':i:'l1o rn .. unber of atoms in a mo lecule of Al (lTO 5 ) 3 is (a) 15 
(b) 13 
(c) 10 
(d) L1. 
27 . Atomic number 11 represents an ole!mnt that is 
(a) amphoteric 
(b) inert 
(c) metallic 
(d) nonmetallic 
28. Tuo different s ases occupyinc; equal volumes at tho same 
temperature and pressure 
(ill) have the same mole cular t·Jei~b.ts 
(b) contain t he same nmnbc r of molecules 
(c) liquify a t the same temp eratur e 
( cl ) possess tho sarne chc!~lic al oncr r~y 
29. Oz one contains more 
(a ) at01~1s per molecule than o r cl.inary o:;:-:T '.;on 
(b) electrons per atom t llan or - ~- ·_1ar•y oxyc;en 
(c) molecules per l iter thm o: .  ' ( ~ . inary O]cy"<:';On 
(d) protons per .~rm.l thon ordi:.1c.l'Y oxy~ on 
1. 
30. The number of e lectrons in the outon:108 t o:ebit of a ny inert 
13as other than helium must be 
(a) 1 6 
(b) 2 
(c) 8 
(d) 18 
31. Hatter whoso molecules co n t ain only atoms of the same 
atomi c nurnber is 
(a ) a comp ound 
(b) an clement 
(c) a mi xture 
(d) a radica l 
32. A substance that changes tho spe ed of a c hffll ical reaction 
ui thout be i n g permanently al tercel is 
(a) a cat a l yt ic asont 
(b) o_ dehydr at ing as ont 
(c) an oxidiz i ng a (ion t 
(d) a reducing aficnt 
33. Tho h ot test p a rt of a Bunsen fl orne is 
(a ) just above tho out e r cone 
3S . 
(b) at the top of the outer ro no 
(c) i n the inner cone 
(d) just above tho inner cone 
Tho a cid anhydride of su lfuric ac~_d is 
( a ) H2 S (b) s 
(c) so 
(d) S0 3 
An c lement con:unon to pot a s siu..m chlorat o a nd zinc n i trate is 
( a ) hydro s en 
(b ) oxy r;en 
(c) pot as situn. 
(d) zinc 
r-· 
36. rJ..ll1.G symbol for the element cabal t is 
(a) CO 
~b) Co 
(c) Cb 
(d) Ca 
37 . The number of electrons in the innex"n ost orbit of any elel".lent 
other than hydror~en is 
(a) one 
(b) t-vm 
(c) eic;ht 
(d) ei ;~hteen 
38. Lithium. atoms l·rill comb ine ui th at m ilS of tho element having 
the ata.iilic number (a) ten 
(b) tuo 
(c) thirteen 
(d) ~n seventeen 
39. vJhen a silver spoon remains in c c:1.·cact vJith mustard or eg .~ 
yolk, the tarnish formed is 
(a) amorphous sulfur 
(b) silver sulfat e 
(c) silver sulfide 
(d) silver sulfite 
:Jlhen chlorine is usocl. fb r bleachin.r.; , the color-subs tance :L s 
(a) ox idized 
(b) reduced 
(c) dissolved 
(d) prec i~itated 
L1.1. Hhen HaOH is neut~alized lri th HCl, tho resultant solution 
has a pii of approximo.tely 
(a) one 
(b) five 
(c) sevon 
(d) ten 
L!.2 . A halogen element that can be purified by sublilnation is 
(a) bronine 
(b) chlorine 
(c) fluorine 
(d) iocl.ine 
The solvent in uhich iodine is least soluble is 
(a) uater 
(b) alcohol 
(c) carb on eli sulfide 
(d) c arbon tetrachloride 
L!l!-• The nurn.bor of e..toms i n the forr:mla Ca (C 2 H:::,0 8 ) 2 :ts (a) six 
(b) ei~;ht 
(c) ton 
(d) fifteen 
-
L!-.5. The charc;e of the nucleus of an at on is due to an e:x.cess of 
( a ) electrons 
(b) ions / 
(c) neutrons 
( cl. ) protons 
46 . The valence of phosphorus in Na 0 P0 4 is (a) -1 
(b ) +2 
(c) -3 
( c1 ) +.5 
L!-7. In the ecru at i on, Zn + H2 S0 4 . - -~ ZnS0 4 + H2 , t h e el emont 
that is roc1ucoc1 is the 
( n) hydro(3en 
(b) oxyc;en 
(c) sulfur 
( c1 ) zinc 
The formula for cupr ous chloride is 
(a) CuCl 
(b) CuC: l 2 ( c) Cu2 Cl ( c1 ) Cu ( C 1 0 ) 2 
).J-9. The most activo nonrnetal is 
(a) flv.oritl.e 
(b) nitro.::;en 
(c) o:cy:;e n 
(d ) sulfur 
_5o . Ordinar:; burning and an o:;;:plos :Lon a r e o.lil:e in tho.t neither 
occurs 1.mtil tho con bus ti ble mat t c:r.' 1,eache s 
( a ) its boi l inc; ~oint 
(b) its kindlin~ point 
(c) reel_ heo.t 
(d) roon tmnporaturo 
_51, The atm1ic nu.n b or of ... ~~---·-~~1\e -:: a n o.r.1photeric 
e lement is 
( a ) ton 
(b) twenty 
(C) tlTI"'OO 
(d) f ourteen 
_52 , Tho lightest of tho follm·rinc c;a s o s is 
(a) 1·1TI3 
(b) NO 
(c) 112 0 
(cl. ) N0 2 
53. Ti ncture of i odine is iodine dissolved in 
(a ) o.lcoh ol 
(b) c a rbon bisulfide 
(c) carbon totrachlori c~o 
( cl) nl v c orino 
. ) J 
/ 
--
Tl.1.e l m-r of multip le p r op ortions is illustra ted by 
(a) KCl and KC10 3 . (b) 1::nS0 4 and BaS0 4 ( c ) H2 0 and II2 0 2 (d ) NaBr an d NaCl · 
55. Tho olm;10nt of a t 0111ic number 9 is closest in ch emica l 
prop erti e s to t ho ol or,w nt of aton.i c n l)j·.1bor 
(a ) 8 
ll_ 
(b) 1 0 r-· 
( c ) 17 
( ' ) l 0 ( L - / 
56. 'rho t or n X L-:1. t ho c ona tion 2Na + 2 U2 0 - ---~ X + ~I2 i s ( a ) 2Ha0 
(b ) Ha 2 0 2 (c) Na 2 0 (d ) 2HaOH 
Whe n Hater is 
(a) bla cl::: 
(b) blue 
(c) uhito 
(d) yellm-r 
a dded t o anhydro1..1.s c op~-:> er sul f ate , i t b ecomes 
58 . A mat er ial i s 2. c o:,.1pound -vh en it c an b e chan s e d into t uo or 
60 , 
more o l emon t s by 
(a ) c r y st a lliz ati on 
(b) dO COl~lPOSi ti on 
(c ) d istilla ti on 
(d ) filtr a tion 
T1-.ro iJ.",mlis c i blo liquids may f o r m 
( o_ ) a s o lut i on .. 
(b) o. tincture 
(c) an a l loy 
(d ) a n emuls ion 
A s u b stanc e Hhi ch is a b a s a is 
(a) C2 H5 0l-I (b ) CH3 0II (c) IICO Oli 
(d ) Hila, Oii 
61 . An oxanplo of' a none l e c tr olyt e is 
(a) c6;: : ~ 20 6 
(b ) l'TaCl 
(c) Ca( OJI ) 2 ( '1) 7 -r so c. -'--2 4 
62 . Tho correc t way to repres ent the chloride i on is 
(a) Cl 0 
(b) Cl -
(c ) Cl 2 (d) Cl+7 
I 
63. Tho s~nbol for tho clement silicon is 
(a) S 
(b) Sc 
(c) Si 
(d) Sn 
64 . Bal: in;~ soda ha o 
(n ) HaHC 00 (b) Ha 2 C0 0 (c) HaC03 (d) Ha (C03 ) 2 
tho formula 
]_j 
65 . Tho reaction botuoon hych"ogon ions and hydro::cy l ions is call ed 
(a) hydroly sis 
(b) ionization 
(c) neutralization / 
(d) precip i t at ion 
66 . Tho H1fe3flM substance t h at i·Jill pro c1.uco a precipitate in 
limo-vmtor is 
(a) carbon d iox ide 
(b ) carbon monoxide 
( c ) hydroc;on 
(d) o::-cyc;en 
67. An exrunple of a phys ical chru~ge is 
(a) burninr; 
(b) clo cay i ne 
(c) me l tines 
(d ) rustinc; 
68 . Tho l a w of dofinito p r oportions is illustrated by 
(a) compounds 
(b) emulsions 
(c) mixtures 
( c1 ) solutions 
69 . In t ho e l e ct r olysis of H-ater, hydrogen ions arc at tract ed 
to the cathode because hydrogen ions 
(a) are ::;as e ous 
(b) contain ol octrons 
(c) have a no c;ativo charssc 
(d) h2.v o a positive charge 
70 . Sodium reacts ·Hith 1vator to produce soclit.un 
(a) hydride 
(b) hydroxi do 
(c) oxide 
(d) peroxide 
71. :D:: l o ctri city is conducted throuc; b. a solution o f an ol octrolyto 
~~) a toms 
(b ) ions 
(c) moloculos 
(d) n eutrons 
72. The best ex~ple o~ an electrolyte is 
(a) ~ alcohol 
(b) glycerine 
(c) sugar 
(d) table salt 
73. The lightest clement b~own is 
(a) boron 
75. 
(b) helium 
(c) hydrogen 
.(d) li thitun 
The s;lmbol 
(a) P 
(b) Pb 
(c) Po 
(d) Pt 
An element 
(a) 0 
(b) +2 
(c) +12 
(d) + or 
for lead is 
Hi th an atomic number of 12 has a valence of 
76. In the formula Al 2 (S0 4 ) 3 , the total m.unber of atoms is (a) 5 
(b) 6 
(c) 14 
(d) 17 
77. Tho solubility of gases in liquids 
(a) decreases as tcmpcratux•e increas :-:s 
(b) is constant for all types of ~as · s 
(c) is independent of the composition of ihc liqtlid 
(d) is not affected by pressure 
78. A true solution is alHays 
(a) clear . 
(b) cloudy 
(c) colored 
(d) neutral to litmus 
79. A salt v-hoso ~vater solution has no affect on litmus is (a) CuS04 (b) Na2 C0 3 (c) NaCl 
(d) NaHC0 3 
1 
So. A crystal of sodium chloride when added to a sodium chloride 
solution dissolved quickly. The solution must have boon (a) concentrated 
(b) saturated · 
(c) suuor-saturated 
(d) unsaturated 
Name J7 
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a b c cl a b c d a b c d 
1 , ( ) ( ) ( ) ( ) 31 . ( ) ( ) ( ) ( ) 61. ( ) ( ) ( ) ( ) 
2. ( ) ( ) ( ) ( ) 32. ( ) ( ) ( ) ( ) 62 . ( ) ( ) ( ) ( ) 
3. ( ) ( ) ( ) ( ) 33. ( ) ( ) ( ) ( ) 63 . I ) ( ) I ) ( ) \ \ \ 
L!- • ( ) ( ) ( ) ( ) 34. I ) ( ) ( ) ' ) 61!-. ( ) ( ) ( ) ( ) \ \ \ 
5. ( ) ( ) ( ) ( ) 35. ( ) ( ) ( ) I ) 65 . ( ) I ) ( ) ( ) \ ', 
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' 
a b c d a b c d a b c d 
11. ( ) ( ) ( ) ( ) L!_l . ( ) ( ) I ) ( ) 71. I \ \ I ) I ) \ \ I J \ 
12 . ( ) ( ) ( ) ( ) 1!2 • ( ) ) ( \ ( ) 72. ( ) ) ( ) ( ) I I 
13. ( ) ( ) ( ) ( ) 1.!-3. ( ) ) ( ) ( ) 73. ( ) ) ( ) ( ) 
1LL . ( ) ( ) ( ) ( ) L!l1- • \ ) ( ) ( ) 7l~ . ( ) ) ) ) J 
1s. ( ) ( ) ( ) ( ) LJ.5. ) ) ( ) ( ) 75. ( ) ) ) ) 
a b c d a b c c1 a b c d 
16. ( ) ( ) ( ) ( ) L!_6. ( ) ( ) ( ) ( ) 76 . ) I ) ) ) \ 
17. ( ) ) ( ) ( ) l!-7. ( \ ( ) ( ) ) 77. ' ( ) ( \ ( ) I ) I I 
18. ( ) ( ) ( ) ( ) L1_8. ( ) ) ( ) ) 78. ) ) ( ) I ) I 
19. ( ) ( ) ( ) ( ) L~ S' . ( ) ( ) ( ) ) 7': . ) ( ) ( ) ( ) 
~o. ( ) ( ) ( ) ( ) so. ( ) ( ) I ) ) 80 . ) ( I ( \ ( ) ) I 
a b c c1 a b c d a b c d 
21. ( ) ( ) ( ) ( ) 51 . ( ) ( ) ( ) ( ) 
22 . ( ) ( ) ( ) ( ) 52 . \ ( ) ( ) ( ) I 
23 . ( ) ) ( ) ) 53. ( ) ( ) ( ) ( ) 
2~-· ( ) ) ( ) ( ) 54. ( ) ( \ ( ) ( ) 
25. ( ) ( ) ( ) ( ) 55 . ( ) ( ) ( ) ( ) 
a b c d a b c d 
26 . ( ) ( ) ( ) ) 56. ( ) ( ) ) \ ; 
27. I ) ( ) ( ) ( ) 57. \ ( ) ( ) ( ) \ J 
28. ( ) ( ) ( ) ( ) 58 .. ) ( ) ( \ ( ) I 
)0 ( ) { ) ( ) ( ) 59. ) ( ) ( \ ( ) - / . \ I 
30 . ) ( \ ( ) ( ) 60. \ ( ) I ) ( ) I I \ 
manner: 
The nature of the perceived figure is dependent upon 
the character of the surrounding field, which may, 
and as a matter of fact usually does, comprise not 
only a simple ttgroundtt but also other 11fi gures.nl2 
Although, according to Koffka, a general process of arti-
culation of the visual field into things appears to be a 
primitive spontaneous organization in wh ich experience plays 
little, if any, part, 13 Hebb shows that the figure-ground 
relationship and a learned articulation of structure from 
lines and angles need not be mutually exclusive processes. 
If line and angle are the bricks from which form 
perceptions are built, the primitive unity of the 
figure might be regarded as mortar, and e ye move -
ment as the hand of the builder. The analogy is 
poor because the bricks contain mortar, they grow 
while they are being used, and the house may change 
beyond recognition as it is being built.l4 
Two other phenomena investigated by the Gestalt group are 
very i mportant to motion pictures, television, and art work in 
general. These are the phi phenomenon and gamma movement . 
Using the previously noted observation that "an object 
seems to move from one position to another when it is merely 
presented twice in two different places with an appropriate 
short time interval betvmen both exposures, tt 15 Wertheimer dis-
proved the traditional explanations which were in terms of 
kinaesthetic sensations or after-images and came to the conclu-
sion that illusory movement is perceived in the same manner as 
objective motion.16 He called this the phi phenomena. It is 
the illusion upon which the motion picture and television 
sentations of continuous movement are largely based. 
4 
Gamma movement or the slight motion of expansion and con-
traction shown by an object when tachiscopicall y exp osed was 
found b y Lindemann to occur in varying directions with differ-
ent geometrica l figures according to their orientation.l7 
qf-ter AYr~heim (1)1 f·340 
This led him to believe that "experiences of form and movement 
must be intimately related. 1118 Arnheim (1) has suggested that 
this phenomena may account for what artists consider the ten-
sion forces in the "dynamics of patterns." 
A final important and controversial Gestalt law of per-
ception must now be introduced . It is called the law of 
·prHgnanz, variously translated as pregnance, 20 precision, 21 
or the "tendency to become typical."22 This law ' s Gestalt form-
ulation states that, "Psychological organization will always 
1 be as g ood as t he prevailing conditions allow.n 23 The word 
"good," according to Katz, refers to such qualities as 11 regu-
larity , synm1etry, inclusiveness, unity , harmony , maximal sim-
plicity, and conciseness."24 The controlling circumstances, 
we can assurae, were t he factors changed in the experiments to 
favor the occurrence of Prlignanz phenomena; the amount of 
light on the image, the size of the image, the length of time 
it was viewed, and the articulation of its elements. 25 Both 
5 
Koffl{a26 and Katz27 mention that in order for Pr!ignanz to 
occur to a noticeable degree in many cases the figure must not 
be looked at closely, and almost all PrRgnanz experiments were 
carried out in situations that favor inaccurate seeing . 
The Gestalt formulation of the law becomes even more 
va'gue when it is considered that the following phenomena are 
reported as applications of Prlgnanz: 
1. The after image of a square lo~es its sharp 
corners and becomes circular.~8 
2. The eyes focus to get the sharpest possible 
image.29 
This and other confusing elements in Gestal t theory have 
brought forth reinterpretations of Gestalt experimentation 
from Gibson (4) and Attneave (2). 
Gibson states that the Gestalt type of perception experi-
ment depends upon "imp overished, ambiguous, or equivocal stimu-
lation" or a "relaxed attention on the part of the observer.n30 
According to his views, literal percept ion is also possible 
when an observer has reason to look closely, and "fluid, sub-
jective, creative,and inexactn schematic perception is not 
forced upon h i m by the weakness of the stimulation.31 Gibson 
experimented on the basis of four interrelated hypotheses, of 
which t~e second is probably most important to this sum>-nary. 
2. There is always some variab l e in stimulation 
(however difficult it may be to discover and 
isolate) whi ch cor32s ponds to a property of 
the spacial world. 
Starting with t h e idea that the retinal i~age is itself 
a stimulus and not a "picture, 11 which would call for another 
6 
inner eye to perceive it, 33 he developed a list of stimulus 
variab les which correspond, not as copies , but as correlates of 
the properties of visual space. Thus, mot ions and deformations 
of the retinal i ma ge can be considered stimulus correlates to 
motion of the observer and/or h is environment. 34 For example , 
as one moves forward the retinal image exp ands. This is not 
perceived as expansion of the field but as fo~nard motion; ex-
pansion of the field be ing its stimulus correlate. 
A surface mus t have texture in order for it to be seen, 35 
and an array of dark and light s p ots is its correlate. As tex-
ture increases in density along a gradient, it provides one of 
several stimulus correlates for a surface inclined to the ob-
server.36 
Another important point which Gibson examines is that a 
considerable difference exists between the momentary visual 
field and the visual world of experience. The visual world is 
a product of memory and t he integration of a g reat number of 
retinal imag es produced by separate eye fixations and the 
movements of the observer. 37 The visual world is not the world 
of perspective such as an artist learns to see, but a world in 
which distant objects are perceived in normal size relationship 
to nearby objects and Euclidian space holds true. 38 
By providing a physical basis for the perception of 
structure in space, Gibson carries visual perception theory 
another step away from the traditional idea that the mind pro -
duces perceptions by a process resembling inference at some 
39 
stage removed from physical stimulation. 
7 
Gibson interprets the Gestalt laws as probably represent-
ing the laws of t·V'TO-dimensional projections of visual forms 
since most of the Gestalt experiments made use of two-
dimensional line or toned constructions. 
From a study performed as a part of an Air Force research 
program, Attneave concludes that rrmany of the Gestalt princi-
ples of perceptual organization pertain essentially to informa-
tion distribution. 1140 As a form becomes simpler or more 
regular, it becomes more redundant in an informational sense 
and therefore easier to predict by an observer using a scanning 
technique (which transforms ntwo spatial dimensions into a 
single sequence in time 1141 ) and a variation of the Shannon 
"guessing game 11 method of organizing predictions.42 
Attneave shows that information is concentrated at con-
tours; particularly at points where the contour changes 
43 
abruptly. This seems related with PrH.gnanz phenomena, and 
particularly with Koffka's observation that points tend to 
disappear and corners become rounded in rep~oductions of visual 
constructions, 44 since both in reproducing a fi gure from 
memory and in attempting to ttguess 1t it, the PrH.gnanz changes 
in the first case, and the "errors" i ·n the second, are more 
likely to occur at points and corners (representing concentra-
tions of information). ~~us, Katz seems correct in maintain-
ing that the law of Prllgnanz is a law of misperception or 
error. 45 
Three significant general points about visual perception 
8 
have been introduced prior to an examination of the problem 
of sign analysis of visual presentations. First, that it is 
primarily a learned process, the characteristics of which 
change during growth-maturation. Second, that the perception 
of structure and the dynamic interrelation of visual forms is 
a fundamental characteristic . of hwnan vision, at least in 
adults, with whom most of the experimentation has occurred. 
Third, that at least a portion of the traditional view of the 
inferential character of visual perception may be shown as 
unnecessary , considering Gibson's concept of stimulus correlates. 
This would indicate that perceived structure in space is close 
to "direct sensing,u and the amount of extensional information 
apprehended by adult vision, when it is applied analytically, 
might theref ore be greater than formerly supposed. 
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II 
PERCEPTION AND COGNITION 
••• responses are determined by something else 
besides the immediately preceding sensory stimu-
lation.46 -- Hebb (7) 
Memory traces of perceptual activity are stored in some 
little known form within the individual in a manner which 
allows them to affect subsequent behavior, 47 including later 
perceptions . 48 This can be taken as the basis for learning. 49 
The organized "results" of continued generalization from these 
traces provides a framework of familiar patterns and events 
through which adult learning can take place as a " strengthen-
ing of facilitations, tt rather than the establishment of nnew 
t h 11 1 t d t . •t• u50 connections be ween w o y unre a e ac lVl les. 
The term suggested by Hebb (7), referring to both percept 
and concept formation in the .Process of ulater 11 learning , is 
conceptual development. 51 He states that concepts J,:· can become 
related to other concepts through factors such as the similar-
ity of conceptual elements (not necessarily sensory elements), 
or they can form "a latent associa tion without ever having 
~:· It seems reasonable to avoid the idea of "visual concepts, 11 
since there is no apparent basis for suggesting that recalled 
images cannot, in some cases, represent a sort of translation 
from other nonverbal or verbal memory content. This term 
will be used later, however , to refer to the existence of cer-
tain visual relationships (see pp.'6+J~) functioning as parts 
of an ttintended message," to the de gree to whi ch they can be 
said to exist as objective material in a medium intermediate 
to the cognitive processes of communicating individuals. 
10 
occurred together in the subject's past experience" in a 
manner such that "concepts A and B may be associated if a 
third one (C) is aroused to which A and B are already related. u52 
The puzzling relationship of literal or eidetic visual 
recall~ as possessed by rare individuals, 53 to the general 
process of remembering may be neglected for the purposes of 
this thesis, since in the normal case, it is the "meaning" 
that is remembered rather than the specific sensory event 
which ·aroused the 11meaning. 1154 This suggests that such literal 
recall may not be a manifestation of learning, in a secondary 
associative sense, but may represent rare cases of the con-
scious persistence of a primal trace factor; a sort of cogni -
tive raw material of which the average person is unaware. 
Remembering , as a cognitive process which must take place 
without reference to present stimulus information, was seen by 
Bartlett (3) to constitute a process of reconstruction rather 
than mere reproduction, 55 based on an active interrelation of 
memory traces from previous expel"ience and such factors as 
interes ts, attitudes, ~~d expectations. 56 
Postman (15) has taken Bartlett's ideas as a foundation 
and proposes a hypothesis -- trace-- confirmation cycle in 
remembering to parallel a hypothesis -- information-- confirma-
tion c ycle in perception. The central concept of 11hypothesis" 
is defined by Postman as follows: 
By hypothesis we mean, in the most general sense, 
expectancies or predispositions of the organism 
which serve to select, organize, and transform 
the stimulus info~nation t hat comes from the 
11 
environment. A g iven sensory input has not only 
energy characteristics which trip off a series of 
organized reactions in the nervous system, but it 
has cue and clue characteristics as well -- it 
carries information about the environment.57 
It is further emphasized in the Postman cognition theory 
that hypotheses contin~e to transform stimulus information 
after the stimulus is removed. This transforraation function 
constitutes memory. 58 
In perception, on the basis of incoming information, a 
set of hypotheses is narrowed or broadened, and specific hy-
potheses confirmed or denied in order to reach a stable per-
ceptual organization. ~l-59 
The following factors are considered as determining the 
strength of hypotheses: 
1. Frequency of past confirrnation. The strength 
of an hypothesis · depends on the frequency v1i th 
which it has been confirmed in t he past. 
2. Number of alternative hypotheses. The larger 
the number of alternative hypoth eses that 
operate in a given situation, the more of ap-
propriate stimulus infor':!nation is required to 
confirm any one of these hypotheses. 
3. Motivational support. The stronger the moti-
vational support for a g iven hypothesis, the 
less of appropriate stimulus information is 
required to confirm it. 
4. Cognitive support. The more firmly an hypo-
thesis is embedded in a larger cognitive 
organization, the less of appropriate sti~8lus in-
formation will be required to confirm it. 
The question of a definition of visual ambiguity in terms 
of the Postman cognition theory asserts itself at this point. 
~~- This seems to be an e xtension of Woodworth's often quoted 
theory that perception occurs in terms of previously experi-
enced material as " schema with correction, 11 which Hebb notes 
as occg~ring in Gestalt type tachiscropic exposure experi-
ments. 
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Postman maintains that an ambiguous situation would be one 
11 in which there is little appropriate information for the 
61 trial and check of hypotheses." This hardly follows the 
results usually obtaihed with the Rorschach ink blot materials, 
which results are considered an almost classic example of 
visual ambiguity. If there was little information for the 
trial of hypotheses, the rather numerou s and varied responses 
characteristic of this test should not occur. It is suggested 
here that ambiguous situations are situations in which enough 
information is obtainable to sustain at least one (usually 
more than one) hypothesis, but not enough information is 
present to check it or decide conclusively among a g roup of 
hypotheses. For example, the ink blot test provides quite a 
• bit of information for the occurrence and trial of hypotheses, 
1 t f th f . f . "'-h 63 It . but a mos none or _e purpose o ~ ver1 y 1ng u em. 1s 
further suggested t hat t h e sort of ambiguity which has the 
quality of paradox, represents a situation in which enough 
information is obtainable to sustain two alternative hypotheses 
with equal or near equal strength, and that, in addition, this 
information is sufficient to g ive these hyp otheses varying 
s /' ve"t fie.·, t1 
degrees of .spnql &1l'!JI! FJ!f by allowing a limited opportunity for 
their verification. It should be noted here that it is not 
the information which is ambiguous (see pp,.JI:."Il-- 17 ), but, rather, 
the 11 true 11 meaning of the ink blot. 
The principle of visual paradox as an exrunple of limited 
or controlled ambiguity is quite i mp ortant for the understand-
ing of complex attempts at 11visual communica tion." (This will 
13 
b e emphasized in a later section of this thesis.) 
Re turning to the Postman cognition t heory, t he proposi-
tions re garding perception also apply to remembering in the 
following manner: 
(the) amou nt of appropriate trace info~nation re-
quired to arouse and confirm an hypothesis in 
remembering varies inversely with frequenc y of past 
confirmation, number of alternative hypothese~4 degree of motivational and cognitive support. 
The primary difference between perception and remembering 
being that, in remembering , the hypotheses are checked against 
trace information inste.ad of against external stimulus informa-
tion as in perception. 65 
The tenacity of hypotheses or systems of hypotheses in 
perception is dependent upon incoming stimulus information, 
and " only in the absence of appropriate stimulus information 
do such expectancies continue to determine perceptual organi-
66 
zation v1ithout correction.n The situation seems to b e qu ite 
similar in remembering , only that trace i nf ormation is substi-
tued for stimulus information as before . 
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III 
TERMS 
Altho~gh it is desirable, at this point, to define the 
terms 11 informationn and "meaning" as they will be used in an 
examination of visual presentations, it is first necessary to 
include a definition of signs and their functions. 
Morris's theory of signs (li) refers to the process in 
which a thing .functions as a sign as semiosis.67 The 
properties of being a sign are given as: 
' 1. 
2. 
3. 
"That which acts as a sign" 
--
the sign vehicle. 
uThat which the sign refers to" -- the designatum. 
"That effect on some interpreter in virtue of which 
the thing in question is a sign to that interpretern 
the interpretant. 
/ 
'I'lae three dimensions through which semiosis operates are: 
1. 11 The relations of signs to the objects to which the 
signs are applicable 11 -- the semantic dimension. 
2. nThe relations of signs to i nterpreterstt -- the ~-
matic dimension. , 
3. The relations between signs -- the syntactic dimen-
68 sion. 
Icons and sy-mbols, as characterizing signs, are di.fferen-
tiated in that icons e~hibit in themselves some of the physical 
properties an object must have to be designated by them, 
while symbols do not nor need not exhibit these properties. 
r 
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An indexical sign does not characterize, but directs attention 
to whatever it designates, and need not be similar to what it 
69 denotes. Of course, a given sign vehicle may function as 
any one of these, depending on its use in the semiotic process. 
For the purposes of this thesis, 11meaningtt will be 
restricted as follows: A perception is meaningful to the extent 
to vvhich its perceptual elements can be organized and inter-
preted in terms of previous experience; in other words, to the 
degree to which perceptual organizations function under the 
general heading of signs; the "new" stimuli being perceived 
11 in terms of" the old. 
The term 11 information 11 used in t h e following discussion 
is derived from the operational definition provided by MacKay 
( 14): 
(information) -- that ·which log ically enables the 
receiver to make or add to a representation of 
that which is t95 case, or is believed or alleged 
to be the case. 
The word 11 logically, u in the above definition, will be 
i gnored, since even in its most general dictionary definition71 
a process of inference is implied. Its use here is very 
questionable and unnecessary for the purposes of t he thesis. 
MacKay makes a rather sharp break between t h e us·e of in-
formation in scientific observation and its use in communica-
tion. He states that communication involves "replicating 
72 73 
repres-entations" from nprefabricatedu elements possessed 
by the co~nunicatee, while scientific observation results in 
a new representation nrepresenting some additional knowledge 
16 
of that--which--is--physically--the--case concerning some 
unique space--time tract not heretofore represented anJ-IIIrhere . u74 
If this were so, the scientist would find himself in the 
horrible predicament of not being able to co~nunicate his ob-
servations. A..YJ. individual could gain no 11 new representationstt 
through communication, and observing new principles operating 
in "old" materials would, ever so logically , not be scientific. 
In discussing visual materials, it will be assumed that 
both the scientists and non-scientists will be "receiving " the 
same colored spots, regardless of their n1otivations and aspira-
tions. The meaning t h ey find in the materials, in terms of 
signs 1 and the accuracy of their men1ories will, naturally, varyD 
The same sharp eyes will be used by all concerned , and the 
lengt h of time allowed for the viewing of all hypothetical 
mater·ials will be either unlimited or de termined by the nature 
of the presentation , as in motion pictures and television. 
This completes the framework of concepts and terminology 
to be used in an attempt at the sign analysis of visual 
materials, with the exception of certain diagrams and ideas 
that belong in the discussion itself. 
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IV 
SIGN ANALYSIS OF rrHE PHOTOGHAPHIC I MAGE 
A SPECULATIVE CORRELATIO~ 
The ~ingle Image 
The phot ographic process records an i mage which can vary 
in the degree to which it approximates the appearance of the 
subject~!- as perceived by a human being . The photograph can 
transform the apparent phys ical characteristics of things as 
they appear in visual reality, ~H!- but it transforms these 
charac teristics in ways which are generally re gular and pre-
dictable: 
(In order to avoid a long technical dis cussion, only the most 
obvious of the possible translations will be ment ioned, and 
in a general way .) 
1. Perspective is rendered according to the characteristics of 
the lens and t he distance of t he observer from the photo-
graph. 
·:: .subject -- that which is being photographed. 
~nf- The term "visual reali tyu will be used not as an equivalent 
to Gibson's "visual world," which is partially a product of 
the imagination as it adds material from previous experience, 
but to refer to a hypothetical a ggregate of all possible 
visual fields encomp assing an event at a theoretical point in 
time. Although this construct implies ex tremely questionable 
space-time philosophy, it can be taken as a log ical corollary 
to Gibson 's individual visual world on a level which repre-
sents all possible visual experience of which present day 
human observers are 11directly 11 conscious. It is remotely 
possible t hat future human experience with modern space-time 
concepts may result in a fundamentally different significan ce 
being attached to the perspective-deformational perceptions 
of t he individual observer. 
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2. Points in the subject are represented as circles whose 
diameter increases with distance from the plane of focus. 
3. The brightness scale of the subject is reproduced most fre-
·quently in a manner which compresses the apparent nscale 
of g rays." 
4 . Color is translated in terms of subtractive dyes. This 
translation is predictable to only a very limited degree. 
The making of a photograph i nvolves processes of ab-
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straction from visual reality as well as transformation. The 
Is iiH•. a b$tr-ac"tro>1. f'r~>Kt. 0 II,..,~;& le "lr ie ... t-atic>~5 c)..J Vtewf ;IA.t"r_, 
selection of a particular orientation and viewpointt A and the 
selection of a period of time during whi ch the exposure is 
made also represents a process of abstraction. A photograph 
can, in a very limited sense, mediate perception as a kind 
of 11window" opening on a past time and place , but only to the 
extent t hat the principles of transformation and abstraction 
from visual reality are known and accounted for by the observer. 
It seems, from introspection, that this need not be a conscious 
process except in certain scientific observations. Apparently, 
no experimental work has been done on the effect of continued 
experience with photographs on judgments concerning the 
characteristics of the objects which they depict. ~~ 
Morris's terminology presents difficulties here since the 
photograph used as a simple visual record is probably best 
described as a characterizing index. A fossil appears to have 
a similar sign ftmction as it indicates the past presence of 
an animal and provides a model of it as well . In other words, 
* The Air Force may have done a study on this problem . 
the image is taken as an ex-post-facto indexical sign for the 
ex istence of the objects sh ov1n in it, while retaining its 
primary characterizing function as an iconic sign of a parti-
cularly accurate analog ic nature. It is a symptom75 of a 
former state of affairs, made articulate by optical and chemi-
cal means. In a photograph used as a record, except as the 
whole image can be considered an icon and an index, the meaning 
of the image is of the subject which is the referent. 
To the extent that a photograph is perceived as a charact-
erizing index, the maker of the image is unimportant. The 
picture could come from an automatic camera tripped by an 
animal, as in nature photography. It could result from any 
accidental release of the shutter. Al though a photograph can 
seldom be considered a "random image,n it makes no difference 
whether it is a 11 random imagen or not when it is perceived as 
a characterizing index. 
As far as the maker or user of the photograph is taken 
into account, the image can take on certain qualities as being 
itself a referent ; i.e., a representation of a meaningful per-
ception on the part of the photographer or the person selecting 
the image. A loose analogy to this situation would result if 
objects in nature were word forms, and a certain random 
selection of them resulted in the pseudo-sentence, "Light has 
weight." This string of words has no status as a sentence, 
has no meaning , except as it is perceived and/or used as re-
ferring to something in a meaningful way by some individual. 
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A photograph always refers to something as an index , and the 
things to which it refers potentially have meaning , but to t h e 
ex tent that the person viewing t h e photogr aph is conscious of 
its significance to someone else, it also b ecomes an expression 
or commun ication of that other's signi f icance. In this case, 
parts of t he image can have meaning , as signa and sign com-
plexes, relating to t he image as a whole. This should become 
more evident as the process is examined further. 
Various perceived qualities and cond itions of presentation 
appear to indicate t he use of a photograph as a communication: 
1. Structural organization of the image (h istorically : " compo-
sition") -- the perceived unity and cohesiveness of all 
parts of the image as controlled by the expressed sign 
function of its elements. 
2. Derivati ons from t he color and gray scale -- the distortions 
f rom "normal " as perceived in relation to t h e sign functio ns 
of t h e image. 
3. The uniqueness of the i mage -- any v isual relationships of 
low probabi l ity ( f rom experience) and unusual juxtaposit ions 
of sh apes, when combined with the other factors presented 
here. 
4. The general conditions of presentation -- a verbal statement 
by the maker or user of the photograph, or its appearance 
in a context wherein such communication content is assumed. 
In a somewhat similar manner, books are assumed to con tain 
sentences which are meaningful to someone. 
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The total meaning of a photograph used as a communication 
seems to be a function of the number of signs perceived by a 
given observer; the number of possible, extant relations be-
tween these signs; and the number and "depth" of the observer's 
associations with these signs, or the strength of the inter-
pretants. 
A single image can indicate "cause and effecttt relation-
76 
ships, but it cannot be considered a discursive expression ; 
i.e., its elements are not presented in a certain succession. 
However, the above components of meaning are controlled by 
several factors in a manner which tends to specify and streng-
then their action so as to give them several of the qualities 
of language. 
These qualities will be left unspecified for the moment , 
in order, first, to attempt to build a basic model of the 
process of gaining meaning from a photograph used as a message, 
and, second, to point out a few representative devices current-
ly used to channel and intensify the sign properties perceived 
in such a photograph . 
Potential visual information, as spots of color, can call 
forth a number of hypotheses. The strength and monopolistic 
tendency of these hypotheses depend upon the factors of motiva-
tional support, cognitive embeddedness (see pp.N f-11.) and fre-
f t f . t• 77 quency o pas con ·1rma 1on. Af ter. the range of hypotheses 
has been determined, and specific hypotheses confirmed or 
denied, signs are established, and perhaps additional hypotheses 
are forn1ed regarding sign complexes, or possible relationships 
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between signs. These new hypotheses are subjected to t he same 
process of selection and determination as before, except in the 
case of a prejudiced individual operating on minimal cues. 
From the composition or structure of the image, a framework of 
visual tens ions-!~ is determined, and related to the signs and 
sign complexes, thereby resulting in a relationship of form 
and content. This, in its most unified organization, is re-
ferred to as significant form78 in the visual arts. 
At t h is point, devices 11vill be introduced, by means of 
which, the control of sign functions is apparently accomplished. 
Some of these, as noted, are validated by research and experi-
ment, while others may be simply conventions esoteric to a 
small group of photographers at this time. The latter serve 
to illustrate the possibilities of convention and stylization 
as means of controlling sign functions. 
Atterition, "as a force within the total field (which) 
cannot be aroused by stimuli directly , but by field objects,n79 
is directed by and to significant visual relationships, partial-
ly determining the direction and strength of hypothesi s forma-
tion. Therefore it is correct to assume that something to 
which attention is pa id will assume greater significance, if 
only momentarily. Attention is directed by means of: 
1. Relative sharpness. The more sharply delineated form is 
• 80 
seen as a f1gure. 
~~ Visual tensions -- the forces which appear to operate be-
tween structural or compositional "lines"; and gamma movement 
( see PW•S ), primarily along the axes of visual forms. 
(Arnheim, 1, Chap. 8 & 9). 
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2. Tonal relationsh i ps. Attention is drawn to areas of higher 
local contrast. 
3. Contour articulation. Contours h ave a "one-sided" effect, 
which tends to emphasize certain forms. 81 
4. Controlled ambiguity. A partially ambiguous area seems to 
create interest . In the visual paradox, a relationship can 
grow between alternative hypotheses concerned with the same 
form. In t h is way, a single area can convey complex meaning. 
5. Situations which, from experience, call for resolution in 
movement . 
6. Structural emphasis. A composition can "point" to a visual 
element. 82 
There are, in addition, devices which serve to ex tend 
and direct t he associations the observer makes wi th the signs 
he perceives. Probabl y foremost among t hese is the visual 
symbol. It is proposed that a visual sign can be considered 
a symbol to the degree to which it designates something other 
than that which it represents . As E:r:ich Prorrm1 has said in 
reference to symbolic language, the visual symbol is "rooted 
in the e xperience of the affinity between an emotion or 
thought on the one hand and a sensory experience on the other.n83 
It is neces sary to point out that the visual s~~bol may be 
c onventional as often as it may originate in connnon experience 
A device whereby a combination of objects, not symbolic 
in themselves, can take on symbolic signific~~ce is the 
84 
"correlative, 11 in which common exper:i.ence with a certain 
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relationship of objects or events associated with a thought 
or emotion can result in the rr cal ling up 11 of the thought OI' 
emotion when t h e object or event relationship is perceived. 
To the extent that signs, sign complexes, and associations 
can be controlled, they can be said to operate according to a 
sort of agreement or rule existing between the participants in 
visual. cmmnuni cation. 
The following characterization of lfu~guage has been g iven 
by Morris: 
A language in the full semiotical sense of the term 
is any intersubjective set of sign vehicles whose 
usage is determined by syntactical, semantical, and 
pragmatic rules.85 
Thus the following relationships with language seem to 
e:llc-e-p ti ... , 
hold (beaiiez its discursive quality): 
1. The relationship of signs to the t hings they represent or 
designate is explicitly given in the case of representation 
in t he photograph taken as a record , and determined from 
convention or common experience in a communicative image. 
This might be considered a comparable semantic dimension 
of visual semiosis. 
2. Relations b etween signs are based on observed relationships 
in visual reality for the record-photograph, 86 and upon 
11 correlatives 11 from common experience or conventional re-
lationships in the visual communication. This can be termed 
the syntactical dimension of visual semiosis. 
3. The strength and depth of associations made by an observer 
are dependent upon the subject as a referent in the record-
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photograph. In the image used to communicate, the process 
of association can be controlled by the visual syrnbols, 
11 correlatives , 11 and similar devices. This could be called 
the pragmatic dimension of visual semiosis. 
The Multiple Image 
Vlhen i mages are used toge ther as a communication, another 
11 kind of meaning" can be employed in adcU tion to those 
mentioned in reference to single images. This "kind of mean-
ing" is made possible by the opportunity for discursive devel-
opment afforded by a sequence ox• pattern arrangement of pictures. 
A linear or patterned arrangement allows visual concepts 
(see pp.J.St") to be formed, in the manner described by Sergei 
Eisenstein as a potential device useful in motion pictures. 
According to Eisenstein, an i mage (a s hot in motion pictures 
is a fair equivalent in this case) or a con~Jination of images 
is used to establish an idea (A). This, combined with another 
idea (B), can :result in the establishment of a concept (C). 87 
Eisenstein suggests that A B = C, however, this is probably 
a simplification. 
It is necessary to mention that i mages removed from one 
another in the time and place which they represent can be 
placed together in order to construct an "artificial" visual 
concept; i.e., one having no indexical or symptomatic relationT 
ship to visual reality. The device also allows the possible I 
falsifying of existing relationships. 
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The Continuous Image 
A continuous image, as in motion pictures and television, 
includes the perception of movement and deforming space. The 
relations between signs and movement, and the possible signs 
developing fro m the movement itself can be exceedingly com-
plex. It is beyond the scope of this thesis to attempt an 
analysis of these complex situations, since such an analysis 
would have to be based on the tentative material already 
introduced. 
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CONCLUSIONS 
It seems possible to conclude that phot ographic presenta-
tions lend themselves to analysis in terms of psychological 
theories and Morris's theory of si gns in such a way as to 
allow experimentation in the field of visual communication 
which can be organized in terms of samething other than intu-
ition, and reported in non-poetic language. Specific 
experiments have not been suggested, since their design would 
probably involve special non-verbal response vehicles in order 
to eliminate the influence of verbal structuring and codifica-
tion. 
Perhaps an extension of the present thesis could be made 
by adapting Hamilton's (5) psycholinguistic analysis methods 
to visual materials. This was not attempted here as the many 
resulting categories of meaning would be quite unwieldy in 
use, probably tending to obscure the basic ideas presented. 
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